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1
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/JP2013/053292, filed on Feb. 12, 2013,
which 1s based on and claims priority to Japanese Patent
Application No. JP 2012-058729, filed on Mar. 15, 2012.
The disclosure of the Japanese priority application and the
PCT application 1n their entirety, including the drawings,
claims, and the specification thereol, are incorporated herein
by reference.

BACKGROUND

Field of the Invention

Embodiments of the present invention relate to a semi-
conductor device such as a power semiconductor module.

Discussion of the Background

FI1G. 11 1s a cross-sectional diagram showing the principal
parts of a conventional semiconductor device having a
structure similar to the one described 1n Japanese Patent
Application Laid-open No. 2009-64852 (*Patent Document
17). A power semiconductor module as the conventional
semiconductor device has a DCB (Direct Copper Bonding)
substrate 104, a conductive-patterned insulating substrate,
which 1s configured by an insulating substrate 101 and
copper circuit patterns 102a, 1025 formed on the front and
back of the insulating substrate 101. This power semicon-
ductor module also has a copper block 103q fixed to the
copper circuit pattern 102aq of the DCB substrate 104 by
means of diflusion bonding or the like, and a copper block
1035 fixed to the copper circuit pattern 1026 of the DCB
substrate 104 by means of diffusion bonding or the like. This
power semiconductor module has a semiconductor chip 106
having the rear surface thereof soldered or the like onto the
copper block 103a by a bonding material 105, a conductive
post 108 soldered or the like to an upper electrode of the
semiconductor chip 106 by a bonding material 107, and a
printed circuit board 109 with the conductive post 108. The
power semiconductor module further has a sealing resin 111
for sealing the semiconductor chip 106, the DCB substrate
104, and the printed circuit board 109. Reference numeral
110 represents an external lead terminal.

Japanese Patent Application Laid-open No. 2009-94135
(“Patent Document 27), on the other hand, describes that,
when soldering a power semiconductor chip to a DCB
substrate, a plurality of stress relaxation dimples are pro-
vided to the nm of a conductive pattern along the border
between the ceramic substrate and the conductive pattern.

Japanese Patent Application Laid-open No. 2009-88176
(“Patent Document 3”’) describes that an outer circumieren-
tial rim of a metal layer bonding a circuit member and a
support base together has irregularities, as viewed planarly,
in order to reduce a thermal stress applied repeatedly to a
heat dissipation base.

Moreover, Japanese Patent Application Laid-open No.
H8-274423 (“Patent Document 4”) discloses a ceramic
circuit board configured by bonding a metal plate, such as a
copper plate, to a ceramic substrate by means of a direct
bonding method or active metal soldering method, wherein
intermittent grooves are formed on the inside of an outer
circumierential rim portion in a linear manner along, for
example, the outer circumierential nm portion at predeter-
mined intervals, the outer circumierential rim portion being,
located on the side opposite to the bonded surface of the
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copper plate. Patent Document 4 describes that such con-
figuration can etlectively prevent the ceramic substrate from

cracking or a decrease in the intensity thereol even when a
cooling/heating cycle 1s employed.

In a resin-sealed type semiconductor, the adhesion of the
resin to the embedded members has a significant impact on
the reliability of this semiconductor. In the structure shown
in FIG. 11, a stress occurs between the sealing resin 111 and
the copper circuit patterns 102a, 10256 made of copper 1n the
vicinity of the insulating substrate 101, due to the difference
in linear expansion coellicient between the nsulating sub-
strate 101 made of ceramic and the copper circuit patterns
102a, 1026, which configure the DCB substrate 104. This
leads to a problem 1n which the DCB substrate 104 and the
sealing resin 111 peel ofl of each other.

When the DCB substrate 104 equipped with the semicon-
ductor chip 106 and the sealing resin 111 continue to peel off
of each other, a stress concentrates on the bonded section
between the semiconductor chip 106 and the copper block
103a as well, deteriorating the bonded section, which
becomes a cause of failure of the semiconductor module.

In particular, insulation failure occurs when the peeling
between the copper circuit pattern 102a and the sealing resin
111 develops to aflect the insulating substrate 101. Even 11
the sealing resin 111 1s adhered only to the insulating
substrate 101 and peels off of the copper circuit pattern
102a, stress concentrates on a part of the insulating substrate
101 near the copper circuit pattern 102a, generating cracks
in the 1insulating substrate 101 and consequently resulting 1n,
again, msulation failure.

A power semiconductor module equipped with a WBG
(Wide Band Gap) element such as a S1C (silicon carbide)
device, which has recently been employed, has a wider
operating temperature range than a conventional power
semiconductor module equipped with a S1 (silicon) device
and 1s therefore driven at temperature equal to or higher than
the temperature for driving the power semiconductor mod-
ule equipped with a S1 device (Tjmax=175 C.°). This further
increases the level of thermal stress and 1s assumed to cause
the peeling of the sealing resin 111 described above, dete-
riorating the reliability of the power semiconductor module.

SUMMARY

Patent Documents 1 to 4 do not mention that reducing the
average volume of the copper of the copper circuit patterns
around the copper blocks from the copper blocks toward the
outside, not only alleviates the difference 1n linear expansion
coellicient between the insulating substrate and the copper
circuit patterns but also prevents a thermal stress from
locally concentrating, and further prevents the resin from
peeling.

Embodiments of the present mvention provide a semi-
conductor device such as a resin-sealed type power semi-
conductor module, which 1s capable of keeping the adhesion
of sealing resin and improving the reliability and life of the
module.

Embodiments of the present invention provide a semi-
conductor device having: a conductive-patterned insulating
substrate (e.g., a DCB substrate, etc.); a conductive block
(e.g., a copper block, etc.) fixed to a conductive pattern (e.g.,
a circuit pattern, etc.) of the conductive-patterned insulating
substrate; a semiconductor chip fixed to the conductive
block; a printed circuit board that has a conductive post fixed
to the semiconductor chip; and a resin (sealing resin) for
sealing these constituents, wherein the conductive block 1s
disposed such that an average volume of a conductive film
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per unit area of the conductive pattern around a section
thereotf, to which the conductive block 1s fixed, decreases
from the conductive block toward the outside.

According to embodiments of the present invention, drill
holes may be formed 1n the conductive pattern around the
section thereot, to which the conductive block 1s fixed, such
that the number of drill holes per unit area increases from the
conductive block toward the outside, thereby reducing a
volume of the conductive film of the conductive pattern.

According to embodiments of the present invention, drill
holes may be formed 1n the conductive pattern around the
section thereot, to which the conductive block 1s fixed, such
that cross-sectional areas of the drill holes increase from the
conductive block toward the outside, thereby reducing the
volume of the conductive film of the conductive pattern.

According to embodiments of the present invention,
annular drill grooves may be formed in the conductive
pattern around the section thereof, to which the conductive
block 1s fixed, such that the number of annular drill grooves
per unit length increases from the conductive block toward
the outside, thereby reducing the volume of the conductive
film of the conductive pattern.

According to embodiments of the present invention,
annular drill grooves may be formed in the conductive
pattern around the section thereof, to which the conductive
block 1s fixed, such that widths of the annular drill grooves
increase from the conductive block toward the outside,
thereby reducing the volume of the conductive film of the
conductive pattern.

According to embodiments of the present invention, the

drill holes or annular drill grooves may have bottom portions
closed with the conductive film.

According to embodiments of the present invention, a
thickness of the conductive pattern around the section
thereol, to which the conductive block 1s fixed, may be
gradually reduced from the conductive block toward the
outside, thereby reducing the volume of the conductive film
of the conductive pattern.

According to embodiments of the present invention, the
conductive pattern around the section thereof, to which the
conductive block 1s fixed, may be provided with drill holes
or annular drill grooves.

According to embodiments of the present invention, a
cross-sectional shape of the conductive pattern that gradu-
ally becomes thin, may be a slope shape or a step shape.

According to embodiments of the present invention, the
conductive pattern may be bonded to a front surface of the
conductive-patterned insulating substrate, the conductive
block and the semiconductor chip may be sequentially fixed
onto the conductive pattern, another conductive pattern may
be bonded to a rear surface of the conductive-patterned
insulating substrate, another conductive block may be fixed
to the latter conductive pattern, and one principal surface of
the other conductive block may be exposed from the resin.

According to embodiments of the present invention, the
conductive pattern and the other conductive pattern may be
metal films and the conductive block and the other conduc-
tive block may be metal blocks.

According to embodiments of the present invention, the
conductive block 1s disposed 1n the conductive pattern of the
conductive-patterned insulating substrate to which the con-
ductive block 1s fixed, such that the average volume per unit
area of the conductive pattern around the section thereot, to
which the conductive block 1s fixed, decreases from the
conductive block toward the outside. Such configuration can
improve not only the adhesive properties of the sealing resin
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to the conductive-patterned insulating substrate but also the
reliability and life of the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a cross-sectional diagram showing the principal
parts of a semiconductor device according to a first example

of the present invention.

FIG. 2 1s a plan view showing the principal parts of a DCB
substrate shown i FIG. 1.

FIG. 3 1s a plan view showing the principal parts of the
DCB substrate with an increased number of drill holes.

FIG. 4 1s a plan view showing the principal parts of the
DCB substrate of a semiconductor device according to a
second example of the present invention.

FIG. 5 1s a plan view showing the principal parts of the
DCB substrate with planarly rectangular drill holes.

FIG. 6 1s a plan view showing the principal parts of the
DCB substrate of a semiconductor device according to a
third example of the present invention.

FIG. 7 1s a plan view showing the principal parts of the
DCB substrate 1n which the width of annular drill holes 1s
expanded toward the outside.

FIG. 8 15 a cross-sectional diagram showing the principal
parts ol the DCB substrate having a structure in which a thin
copper layer 1s kept at the bottom of the insulating substrate
without allowing a drill hole 12/ or annular drill groove 127
to pass through the insulating substrate.

FIG. 9 shows the principal parts of the DCB substrate of
a semiconductor device according to a fourth example of the
present invention, where FIG. 9(A) 1s a plan view of the
principal parts and FIG. 9(B) a cross-sectional diagram of
the same.

FIG. 10 1s a cross-sectional diagram showing the principal
parts of the DCB substrate 1n which a slope-like copper
circuit pattern 14 shown 1n FIG. 9 1s formed into a step-like
copper circuit pattern 15.

FIG. 11 1s a cross-sectional diagram showing the principal
parts of a conventional semiconductor device.

DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

Embodiments for implementing the present invention are
characterized 1n alleviating the difference 1n linear expan-
sion coellicient between a copper circuit pattern around a
copper block and an insulating substrate by gradually reduc-
ing the average volume per unit area of copper of the copper
circuit pattern toward the outside, and thereby preventing a
thermal stress from locally concentrating and resin from
peeling. A method for changing the density of drill holes
disposed, the area covered by annular drill grooves, and the
thickness of a conductive film, 1s considered as a method for
reducing the average volume. In addition, the anchor effect
can be obtained by forming the drill holes or the annular drill
grooves, which eventually prevent the resin from peeling.
The embodiments are now described below by taking the
following examples.

Example 1

FIG. 1 15 a cross-sectional diagram showing the principal
parts of a semiconductor device according to a first example
of the present invention. FIG. 2 1s a plan view showing the
principal parts of a DCB substrate shown 1n FIG. 1. In FIG.
1, a semiconductor power module, the semiconductor
device, has a DCB (Direct Copper Bonding) substrate 4,
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which 1s a conductive-patterned insulating substrate config-
ured by an insulating substrate 1 and copper circuit patterns
2a, 2b formed respectively on the front and back of the
insulating substrate 1. This semiconductor module has cop-
per blocks 3a fixed to the copper circuit patterns 2a of the
DCB substrate 4 by diffusion bonding or the like, and copper
blocks 35 fixed to the copper circuit pattern 26 of the DCB
substrate 4 by diflusion bonding or the like. This semicon-
ductor power module also has semiconductor chips 6 having
the rear surfaces thereof soldered or the like onto the copper
blocks 3a by bonding matenials 5, conductive posts 8
soldered or the like to an upper electrode of each semicon-
ductor chip 6 by a bonding material 7, and a printed circuit
board 9 with the conductive posts 8. In this semiconductor
module, external lead terminals 10 are fixed to each copper
block 3a and the printed circuit board 9 respectively by
bonding materials (not shown). This semiconductor power
module further has a sealing resin 11 for sealing the semi-
conductor chips 6, the DCB substrate 4, and the printed
circuit board 9. An end portion of one of the external lead
terminals 10 and one principal surface of each copper block
3b are exposed outside the sealing resin 11.

As shown 1 FIG. 2, each copper circuit pattern 2a has a
plurality of small drll holes 12a disposed therein which
have a circular cross-sectional shape as viewed planarly and
are opened all the way up to the front surface of the
insulating substrate 1. These drill holes 12a are disposed 1n
such a manner that the number of drill holes 12a per unit
area increases toward the outside of the edge of the corre-
sponding copper block 3a, so that the volume of a copper
film per unit area of the copper circuit pattern 2a decreases
toward the outside.

According to this configuration, the average volume den-
sity of the copper film decreases toward the outside, by
increasing the number of drill holes 12a of the copper circuit
pattern 2a toward the outside from the copper block 3a. The
equations S1=LxW, S3=52xn, and So=(S51-53)/S1 are
established, where L represents the length of a center line 20
stretched along the drill holes 12a disposed around the
copper block, W a predetermined width (e.g., width obtained
by multiplying the diameter of the drill holes by over 1), S1
the area of the annular belt, S2 the area of each drill hole
12a, n the number of drill holes 12a present 1n the annular
area S1, S3 the total area of the drill holes 12a present 1n the
annular area S1, and So the average area density of copper.
The average area density So 1s reduced toward the outside of
the copper block. The average volume density Vo 1s
expressed by (Soxt) where the average area density So 1s
multiplied by a thickness t of the copper circuit pattern 2a.
This average volume density Vo 1s reduced gradually from
the copper block 3a toward the outside.

The resin 11 1s packed and hardened in the drill holes 124
tformed 1n the copper circuit pattern 2a as a result of sealing
these components. As a result of hardening the resin 11,
chemical bonding between the resin 11 and the members
(e.g., the copper circuit pattern 2a) enables adhesion thereof,
and packing the resin 11 in the drill holes 12a and then
hardening the resin 11 prevents the resin 11 from physically
peeling (the anchor effect).

Moreover, 1n the entire DCB substrate 4, a section that
seemingly has a large number of drill holes 12a has a lower
area (volume) of copper circuit pattern, and the ratio of the
volume of the copper film of the copper circuit pattern to the
ceramic configuring the mnsulating substrate 1 1s low. Con-
sequently, the linear expansion coeflicient of the copper
circuit pattern becomes approximate to that of the imsulating
substrate. On the other hand, a section with a small number
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of drill holes 124 has a larger area (volume) of copper circuit
pattern 2q, and the ratio of the volume of the copper of the
copper circuit pattern to the ceramic 1s high. Consequently,
the linear expansion coetlicient of the copper circuit pattern
becomes approximate to that of the copper.

Therefore, reducing the area (volume) of the copper in the
vicinity of the ceramic (the copper circuit pattern 2a away
from the copper block 3a) and increasing the area (volume)
of the copper in the vicimity of the copper block 3a, can
alleviate the diflerence in linear expansion coeflicient
between the copper circuit pattern 2a and the ceramic which
1s the msulating substrate 1, and avoid local concentration of
a thermal stress between the sealing resin and the copper
circuit pattern near the msulating substrate around the semi-
conductor chips that generate heat. As a result, coupled with
the anchor eflect of the drill holes 12a, the resin 11 can be
prevented from peeling ofl. In addition, insulation failure
due to cracks in the ceramic can be prevented, realizing high
reliability of the semiconductor device.

Although not shown 1n FIG. 1, dnll holes may similarly
be formed 1n the copper circuit pattern 25 on the back of the
insulating substrate 1 on which the semiconductor chips 6
are not mounted. The semiconductor device 1s used 1n such
a manner that the principal surfaces of the copper blocks 35
come 1nto contact with a cooler. Although the temperature of
the periphery of each copper block 35 1s lower than that of
cach copper block 3a to which the corresponding semicon-
ductor chip 6 1s fixed, when the ratio of the area of the copper
circuit pattern 26 to that of the insulating substrate 1, the
overall difference 1n linear expansion coetlicient between the
insulating substrate 1 and the copper circuit patterns 2a, 25
can be reduced by forming both of the copper circuit patterns
2a, 2b, thereby improving the reliability of the semiconduc-
tor device.

Moreover, the anchor effect can be enhanced by increas-
ing the number of drill holes 124 as shown 1n FIG. 3, further
preventing the resin 11 from peeling off.

Example 2

FIG. 4 1s a plan view showing the principal parts of a
semiconductor device according to a second example of the
present 1nvention. This diagram 1s a plan view of the
principal parts of the DCB substrate 4 configuring the
semiconductor device. This plan view corresponds to the
plan view shown in FIG. 2.

The difference with FIG. 2 1s that the s1ze (cross-sectional
area) of each drill hole 125 1s changed while keeping the
number of drill holes per umt area unchanged. The same
cllect as that described in Example 1 can be achieved by
forming small drill holes 125 in the vicinity of each copper
block 3a and large drill holes 126 away therefrom.

In both Examples 1 and 2, the drill holes 12a, 1256 are 1n
a circular shape; however, the shape of the drill holes 1s not
limited thereto. Thus, rectangular drill holes 12¢ may be
formed, as shown in FIG. 5. Alternatively, both rectangular
and circular drill holes may be present.

Example 3

FIG. 6 1s a plan view showing the principal parts of a
semiconductor device according to a third example. This
diagram 1s a plan view showing the principal parts of the
DCB substrate 4 configuring the semiconductor device. This
plan view corresponds to the plan view shown 1n FIG. 2.

The difference with FIG. 2 1s that the drill holes 12a to be

formed are changed to annular drnll grooves 12d. The
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number of annular drill grooves 12d per unit length in the
direction from each copper block 3a toward the outside 1s
increased toward the outside (so that the grooves are dis-
posed densely), to reduce the area of the copper in the
vicinity ol the ceramic away from the copper block and
increase the area of the copper 1n the vicinity of the copper
block. With this configuration, the same eflect as that of
Example 1 can be achieved. The same eflect can be obtained
even by expanding the widths of drnll grooves 12e toward
the outside, as shown i FIG. 7. Although not shown, the
annular drill grooves 12d, 12e do not have to be disposed 1n
an annular fashion but can be formed intermittently, so the
drill grooves exist partially in the semiconductor device.
In Examples 1 to 3, the same eflect can be obtained even
with a configuration 1n which a thin copper layer is kept at
a bottom portion 13 without allowing a drill hole 124 or
annular drill groove 12j to pass through the front surface of
the msulating substrate 1, as shown in the cross-sectional

diagram of FIG. 8. In addition, the same eflect can be
achieved even by gradually reducing the thickness of the
kept copper layer from the copper block 3a toward the
outside.

Example 4

FI1G. 9 shows the principal parts of the DCB substrate of
a semiconductor device according to a fourth example of the
present invention, where FIG. 9(A) 1s a plan view of the
principal parts and FIG. 9(B) a cross-sectional diagram of
the same. The difference with FIG. 2 1s that thickness of each
copper circuit pattern 2a 1s changed without forming any
drill holes. The same effect can be obtained by configuring
a slope-like copper circuit pattern 14 that gradually becomes
thin toward the outside at a constant rate. The same eflect
can be realized even by configuring a step-like copper circuit
pattern 15 that gradually becomes thin, not 1n the form of a
slope, but 1n a step like manner, as shown 1n FIG. 10.
Although not shown, the anchor effect can occur by dispos-
ing drill holes or annular drll grooves evenly 1n this struc-
ture, turther improving the adhesion of the resin 11.

The 1nvention claimed 1s:

1. A semiconductor device, comprising:

an 1sulating substrate;

a conductive pattern disposed on the insulating substrate;

a conductive block disposed on the conductive pattern;

a semiconductor chip disposed on the conductive block;

a printed circuit board comprising a conductive post

coupled to the semiconductor chip; and

a resin disposed on the semiconductor chip and printed

circuit board,

wherein the conductive pattern comprises holes, and the

number of holes per unit area of the conductive pattern
increases 1n the direction away from the conductive
block such that a first portion of the conductive pattern
includes a first number of holes per unit area, a second
portion of the conductive pattern includes a second
number of holes per unit area, the second number of
holes being greater than the first number of holes, and
the first portion of the conductive pattern 1s disposed
between the conductive block and the second portion of
the conductive pattern.

2. The semiconductor device according to claim 1,
wherein the conductive pattern comprises annular grooves,
and widths of the annular grooves increase 1n the direction
away from the conductive block.
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3. The semiconductor device according to claim 1,
wherein a thickness of the conductive pattern exceeds a

depth of the holes.

4. The semiconductor device according to claim 1,
wherein a thickness of the conductive pattern decreases in
the direction away from the conductive block.

5. The semiconductor device according to claim 4,
wherein the conductive pattern comprises holes or annular
grooves.

6. The semiconductor device according to claim 4,
wherein a cross-sectional shape of the conductive pattern 1s
a slope shape or a step shape.

7. The semiconductor device according to claim 1,
wherein

the conductive pattern 1s disposed on a front surface of the

insulating substrate, the conductive block and the semi-
conductor chip are sequentially disposed on the con-
ductive pattern, another conductive pattern 1s disposed
on a rear surface of the mnsulating substrate, and another
conductive block 1s disposed on the another conductive
pattern, and

a surface of the another conductive block 1s exposed

outside the resin.

8. The semiconductor device according to claim 7,
wherein the conductive pattern and the another conductive
pattern are metal films, and the conductive block and the
another conductive block are metal blocks.

9. The semiconductor device according to claim 1, turther
comprising bonding material disposed between the semi-
conductor chip and the conductive block and bonding the
semiconductor chip to the conductive block.

10. The semiconductor device according to claim 1,
wherein the conductive pattern comprises copper and the
conductive block comprises copper.

11. A semiconductor device, comprising:

an insulating substrate;

a conductive pattern disposed on the insulating substrate;

a conductive block disposed on the conductive pattern;

a semiconductor chip disposed on the conductive block;

a printed circuit board comprising a conductive post

coupled to the semiconductor chip; and

a resin disposed on the semiconductor chip and printed

circuit board,

wherein the conductive pattern comprises holes, and

cross-sectional areas of the holes increase in the direc-
tion away from the conductive block such that a first
portion of the conductive pattern includes first holes
having a first cross-sectional area, a second portion of
the conductive pattern includes second holes having a
second cross-sectional area greater than the first cross-
sectional area, and the first portion of the conductive
pattern 1s disposed between the conductive block and
the second portion of the conductive pattern.

12. A semiconductor device, comprising;:

an insulating substrate;

a conductive pattern disposed on the insulating substrate;

a conductive block disposed on the conductive pattern;

a semiconductor chip disposed on the conductive block;

a printed circuit board comprising a conductive post

coupled to the semiconductor chip; and

a resin disposed on the semiconductor chip and printed

circuit board,

wherein the conductive pattern comprises annular

grooves, and the number of annular grooves per unit
length increases in the direction away from the con-
ductive block.
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13. The semiconductor device according to claim 12,
wherein a thickness of the conductive pattern exceeds a
depth of the grooves.
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